Corresponding author: J A Teare (june.teare@mrc.ac.za) Background. Tobacco smoking is estimated to kill more than 44 000 South Africans every year. Studies have shown that since the introduction of tobacco control measures, national smoking prevalence has declined in South Africa (SA). Objective. To determine the prevalence of tobacco smoking over a 7-year period in five impoverished neighbourhoods in Johannesburg, SA. Methods. Data were collected through the annual administration of a prestructured questionnaire to one adult respondent in preselected dwellings from 2006 to 2012. Information was collected on socioeconomic status, smoking practices and health status. Results. Over the 7-year period of the analysis, smoking levels remained unchanged. The proportion of households with one or more smokers varied significantly across the five study neighbourhoods. Approximately 20% of households in Hillbrow and as many as 77% in Riverlea had a member who smoked. Conclusions. Despite a national downward trend in smoking levels, tobacco use remains high and persistent in certain vulnerable communities, requiring scaled-up action to reduce the risk of a range of tobacco-related diseases.
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Worldwide, an estimated five million deaths per year are caused by tobacco use, and this figure is expected to exceed eight million by the year 2030. [1] Common health risks associated with smoking include heart disease, chronic obstructive pulmonary disease, lung cancer and stroke. [1] International studies have shown that the lifespan of smokers is reduced by 10 years relative to non-smokers. [2] In South Africa (SA), smoking has been found to account for 8 -9% of the burden of mortality. [3] Age, gender, ethnic group and economic status are among the factors associated with smoking prevalence, [4, 5] and there appears to be an inverse association between social status and smoking, in that 82% of the world's smokers live in low-and middleincome countries. [1] In SA, the most frequent tobacco users have been identified as poor men and women with low levels of education and income, and living in urban areas. [4, 6] Second-hand smoke (SHS) and passive/secondary smoking are terms used for smoked tobacco present in the atmosphere and to which non-smokers are exposed. The use of tobacco by one or more adults impacts negatively on the health of children and other adults living in the same household. [7] In 2004, global estimates showed that 40% of children, 35% of female non-smokers and 33% of male nonsmokers were exposed to SHS, and the number of deaths resulting from this exposure was estimated at 603 000; 28% (166 000) of these deaths were of children aged <5 years. [8] In children, SHS has been associated with lower respiratory tract illnesses, acute and chronic middle ear infections, chronic respiratory symptoms, asthma and reduced lung function, and there is evidence suggesting a link between SHS and childhood cancers. [9] While studies have indicated an overall downward trend in levels of smoking in SA in recent years, [10, 11] there is limited information available on smoking patterns at a disaggregated household level. This is especially pertinent to the rapidly changing urban context in SA, where cities such as Johannesburg have seen rapid growth associated with urbanisation in recent decades, with influx from both the rural hinterlands and elsewhere on the African continent. This article, which describes smoking levels in five relatively impoverished Johannesburg neighbourhoods, contributes to the need for information on smoking in a rapidly changing urban African context.
Objective
To determine the prevalence of tobacco use in selected settings of poverty in Johannesburg between 2006 and 2012.
Methods

Sampling and data collection
The Health, Environment and Development (HEAD) study is a Johannesburg-based panel study initiated in 2006, involving annual cross-sectional surveys (panel study) of urban environment and health trends, where data are collected from the same dwellings (unit of analysis) in each site every year. [12, 13] The HEAD study was undertaken in five Johannesburg neighbourhoods: Bertrams (a run-down inner-city suburb with a mixed residential-commercial character), Hillbrow (a densely populated, high-rise inner-city area), Riverlea (an apartheid-era township constructed in the early 1960s), Braamfischerville (a democratic-era, low-cost, mass-based housing development), and Hospital Hill (an informal settlement on the city's western boundary).
Dwellings were randomly selected in the neighbourhoods where planning maps were available (Bertrams, Riverlea and Braamfischerville). Systematic sampling was used in the high-rise RESEARCH study area of Hillbrow, while in Hospital Hill, where no planning maps were available on initiation of the study, convenience sampling was used. The main study outcomes included environmental risk factors and health outcomes. The prevalence for the various outcomes therefore varied. Based on resources available at the time, it was decided to sample 200 stands/plots/households in each of the five sites. After excluding commercial and empty plots, the final sample size shown in Table 1 was selected. For this article, the prevalence of tobacco smoking among SA adults was taken to be ~18%. [11] The desired margin of error was 5%. The power of the study was calculated at >90% for a sample size of 548 in 2012.
Data were collected in the selected dwellings using prestructured questionnaires administered to an adult member (respondent) of the main household on each dwelling site (secondary individuals or households living on the site were not considered). The questionnaire was tested in a pilot study in 2005 before commencement of the first study in 2006. Since the primary unit of selection was the dwelling, households and/or respondents could have changed over the 7-year period. Among other variables, data were collected on socioeconomic status, migration patterns, neighbourhood environmental conditions, housing, health status and tobacco use practices. [12] For the purpose of this article, data on smoking prevalence were analysed for the 7-year period from 2006 to 2012. For analyses of the association between household tobacco use and health, data from the year 2012 were used.
Data analysis
Dependent variables. Respondents were asked whether any member of the household smoked -if one or more members in a particular household smoked, it was defined as a smoking household. No information on the method of smoking was obtained. For the purposes of this study, tobacco use was therefore defined as the smoking of cigarettes (manufactured or hand rolled) or pipe (traditional or hookah/hubbly bubbly).
Independent variables included study site and household-level characteristics (socioeconomic status, demographic characteristics and health status). Data were entered into the EpiData statistical analysis package, version 3.1 (EpiData, Denmark). The data were exported into the Stata statistical package, version 14 (StataCorp, USA), for analysis. Data for each site were weighted and the Stata survey command was used for analysis to minimise the effect of clustering and adjust for the study design. The trend analysis was calculated using the np trend command. Frequencies of various independent variables were calculated for those households that had reported a member smoking and those that had not. Data from the 2012 survey were used to explore various factors potentially associated with smoking. This was done on the bivariate level using logistic regression with crude odds ratios. A p-value of <0.05 was considered statistically significant. Plausible factors that showed possible significance (p<0.25) at the bivariate level were included in multivariate forward stepwise logistic regression models.
Results
Study population
The profile (2012) of the population in the five study sites is given in Table 2 . It can be seen that the study samples differed considerably across the five sites, including in terms of their main population groups (as defined during the apartheid era of government), proportion of households headed by migrants from other countries, tertiary educational attainment, employment status, income and household composition (households with and without children aged <5 years). Overall, households in Hillbrow, which had the highest proportion of households headed by a migrant from another country, tended to have higher levels of education, employment and income, while households in the informal settlement of Hospital Hill and in Riverlea were of relatively low socioeconomic status. Hillbrow also had the lowest proportion of households with one or more children aged <5 years and the lowest level of expenditure on tobacco.
Tobacco use prevalence
In the total study sample, the proportion of households with one or more smokers ranged from 41.8% to 52.7% over the 7-year period of the study (Fig. 1) . The trend analysis showed the overall increase to be insignificant (p=0.4).
A breakdown of levels of tobacco use by study site indicated considerable variation, with Riverlea consistently having the highest prevalence. Riverlea also had the highest level of expenditure on tobacco and the highest proportion of households that included a child aged <5 years. In contrast, the lowest prevalence of tobacco use was in Hillbrow (Fig. 2) , so Hillbrow was chosen as the area of reference for the bivariate analysis (Table 3) . N = number of households targeted. *The informal settlement of Hospital Hill was re-sampled in 2010 owing to changes in house numbers associated with an electricity provision programme, and the relocation of some households to a formal housing programme nearby.
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Risk factors for elevated tobacco use (2012)
The socioeconomic and demographic profile for households reporting tobacco use (n=257, 46.7%) for 2012 is shown in In this study, levels of smoking were not associated with the educational status or income of the head of the household. Smoking levels were, however, elevated in households with heads who were not in full-time employment (p=0.05; 95% CI 0.998 -2.414) or who had been born in SA rather than being a migrant from another country (p=0.01; 95% CI 0.28 -0.842), and in households that had a member who received a government grant (p=0.005; 95% CI 1.163 -2.256). However, after controlling for socioeconomic status and study area, none of the risk factors remained significantly associated with household smoking status. Bivariate analyses indicated statistically significant associations between households with a member who smoked and a member who reported acute respiratory symptoms (2-week recall period), asthma, hypertension, heart disease or stroke (1-year recall period). However, after adjusting for socioeconomic factors and study site, smoking prevalence was not associated with household-level ill health.
Discussion
Over the 7-year study period, no statistically significant change in levels of smoking occurred in the total sample. This finding contrasts with the finding at national level of an overall downward trend in smoking prevalence since the introduction of the Tobacco Products Control Act of 1993. [14] National tobacco smoking levels for 2010 were 19.4% (upper CI 24.1), declining to 18.2% (upper CI 23.8) by 2015. [15] In contrast, this study shows that in certain neighbourhoods, such as Riverlea, tobacco consumption continues to be highly elevated.
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Fig. 2. Prevalence of tobacco use per year and per site.
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Global estimates of tobacco use show that SA has a relatively low prevalence of smoking [15] compared with the USA, [16] Europe and Asia, [15] but a higher prevalence than neighbouring African countries such as Zimbabwe and Malawi. [15] Concomitant with the significantly elevated levels of smoking in Riverlea, these households also spent more than nine times as much money on tobacco as Hillbrow households, despite the lower socioeconomic status in Riverlea. There is concern regarding childhood exposure to SHS in Riverlea, which also had the highest proportion of households with children aged <5 years. The findings of this study are in keeping with previous SA studies that have found particularly elevated levels of tobacco use and tobacco-related deaths in coloured communities, while black African communities had the lowest levels. [4, 6] Smokers in the coloured population have been reported to have a 50% higher overall mortality than otherwise similar non-smokers or ex-smokers. [17] With regard to exposure to SHS, an SA birth cohort study showed that coloured children were most frequently exposed to SHS owing to the presence of a primary caregiver who smoked; 42% of children lived in homes with two or more smokers. [18] The present study confirms the need for scaledup action to reduce smoking levels and the associated ill-health outcomes in vulnerable neighbourhoods such as Riverlea.
Stringent tobacco control policies in developed countries have resulted in low levels of tobacco consumption. This declining demand for tobacco products and a difficult tobacco market have triggered aggressive tobacco sales strategies in low-and middle-income African countries. [19] Young people in particular are being targeted by tobacco companies by the placement of products in movies and music videos and distribution of tobacco products at student parties, and by appealing to the naturally rebellious nature of adolescents. [10] SA studies relating to the initiation of smoking have shown that with each successive generation individuals began smoking at a younger age, proving that the tobacco industry is having success in recruiting adolescent smokers. [10] Prevention and cessation efforts should therefore focus on the youth. In addition, the rising income in fast-growing countries increases the affordability of cigarettes in the majority of low-and middle-income countries. [20] However, of the tobacco control policies in place in SA, tobacco price increases have been shown to be the most effective intervention. Other factors associated with an increase in tobacco use in low socioeconomic areas are low levels of education and low status of workers. [21] 
Study limitations
A limitation to this study may be information bias at respondent level, outcomes for this interview-based study having been constructed on the respondent's ability to recollect household events and activities accurately. [22] For example, difficulty may be experienced by a respondent who is requested for household information in an impromptu scenario, or who may be ignorant of certain information such as household earnings. Findings may also have been affected by incomplete data and lower response rates in some study sites (Bertrams and Hillbrow), which were affected by xenophobic violence [23] Limitations of the cross-sectional study design are applicable to this study as well, in that the study reflected information at one point in time only and the incidence of smoking could not be measured in the sample over the 7-year period. [24] In addition, associations that were determined in the multivariate analyses may be difficult to interpret owing to the study design; no data were available on individual household members who engaged in smoking and the health effects on them, so we were not able to comment on any individual risk factors for/consequences of smoking.
Conclusions
Our study confirms that in spite of the national downward trend in smoking prevalence, levels of tobacco use continue to be highly elevated in certain groups and settings. Scaled-up action is required in such vulnerable communities to reduce tobacco use and the associated ill-health conditions. Efforts towards smoking prevention and cessation should include specifically designed interventions according to age, culture and living conditions.
